Background: Malnutrition is common in cancer patients, particularly in those affected by gastrointestinal malignancies, and negatively affects treatment tolerance, survival, functional status, and quality of life (QoL). Nutritional support, including supplemental parenteral nutrition (SPN), has been recommended at the earliest opportunity in malnourished cancer patients. The limited available evidence on the efficacy of SPN in gastrointestinal cancer patients is positive, particularly with regards to QoL, body composition, and energy intake, but the evidence on survival is still scanty. Furthermore, studies regarding the early administration of SPN in combination with nutritional counseling from the beginning of firstline chemotherapy (CT) are lacking. We hypothesize that early systematic SPN in combination with nutritional counseling (NC), compared with NC alone, can benefit patients with previously untreated metastatic gastric cancer at nutritional risk undergoing first-line CT. Methods: The aim of this pragmatic, multicenter, randomized (1:1), parallel-group, open-label, controlled clinical trial is to evaluate the efficacy in terms of survival, weight maintenance, body composition, QoL and feasibility of cancer therapy of early systematic SNP. This is in combination with NC, compared with NC alone, in treatment-naïve metastatic gastric cancer patients at nutritional risk undergoing first-line CT. Discussion: Malnutrition in oncology remains an overlooked problem. Although the importance of SPN in gastrointestinal cancer patients has been acknowledged, no studies have yet evaluated the efficacy of early SPN in metastatic gastric patients undergoing CT. The present study, which guarantees the early provision of nutritional assessment and support to all the enrolled patients in accordance with the recent guidelines and recommendations, could represent one of the first proofs of the clinical effectiveness of early intensive nutritional support in cancer patients undergoing CT. This study could stimulate further large randomized trials in different cancer types, potentially resulting in the improvement of supportive care quality. Trial registration: This study is registered on ClinicalTrials.gov: NCT03949907.
Background
Malnutrition is common in cancer patients, particularly in those affected by gastrointestinal malignancies, and negatively affects treatment tolerance, survival, functional status, and quality of life (QoL). [1] [2] [3] [4] [5] It is known that nutritional status tends to worsen over the course of the illness 6 and that inadequate nutritional support may negatively affect not only nutrition and function, but also prognosis in cancer patients. 2, 7 In recent years, there has been growing evidence that increased treatment toxicity and poorer prognosis are associated with lean body mass (LBM) loss 8 that leads to sarcopenia in the most common cancer types 9, 10 and, consequently, to impaired functional status and QoL. [11] [12] [13] Therefore, more proactive or even intensive nutritional support should be considered in this patient population. 14 The most recently available guidelines recommend the use of supplemental parenteral nutrition (SPN) during nonsurgical therapy if cancer patients are malnourished, hypophagic, or affected by iatrogenic gastrointestinal complications, and if enteral nutrition is not feasible. 3, 4 A recent task force of the American Society for Parenteral and Enteral Nutrition, however, has recommended artificial nutrition, including SPN, at the earliest opportunity in malnourished patients. 15 The limited available evidence on the efficacy of SPN in gastrointestinal cancer patients is positive, in particular with regards to QoL, body composition, and energy intake, [16] [17] [18] [19] [20] [21] [22] but the evidence on survival is still scant. Furthermore, studies on the effect of early administration of SPN in combination with nutritional counseling (NC) from the start of first-line chemotherapy (CT), are lacking.
The aim of this pragmatic, randomized, multicenter clinical trial (ClinicalTrials.gov identifier: NCT03949907) is to evaluate the efficacy in terms of survival, weight maintenance, body composition, QoL, and feasibility of cancer therapy, of early systematic SPN. This is in combination with NC, compared with NC alone, in patients with previously untreated metastatic gastric cancer at nutritional risk undergoing first-line CT.
Methods/design
Standard protocol approval, registration, and patient consent This study will be conducted in accordance with good clinical practice and with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. The study protocol was approved by the Fondazione IRCCS Policlinico San Matteo (Pavia, Italy) Ethics Committee (19 April 2019; version 1) and registered on ClinicalTrials.gov (identifier: NCT03949907). Written informed consent will be obtained from every patient entering the study by the medical personnel of the participating institutions and it will be made clear that patients may withdraw from the study at any time without providing a reason and without affecting their current or future care. General practitioners will be kept informed on the study's progress.
Design
This study will be a pragmatic, multicenter, randomized (1:1), parallel-group, open-label, controlled clinical trial. Allocation of patients, fulfilling inclusion criteria to the intervention groups, will be performed at the baseline visit according to a computer-generated randomization list. Concealment will be attained by using a web-based randomization.
Subjects
Consecutive adult patients (18 years old or more) with a histologically confirmed diagnosis of metastatic gastric and gastroesophageal junction cancer will be considered eligible in the presence of: the indication of a first-line CT with a combination of two drugs including platinum derivatives (plus Trastuzumab if HER2+) to be used according to the investigator's choice within the framework of good clinical practice and in agreement with current Italian Association of Medical Oncology guidelines; 23 Calorie and protein intakes. Calorie and protein intakes from food sources will be estimated at all treatment visits using the 24-h dietary recall method. [28] [29] [30] Total intakes throughout the study will be calculated taking into consideration the SPN prescriptions and will be considered achieved when total energy and protein requirements attain ⩾90% of estimated requirements and ⩾1.5 g/kg/day, respectively.
Nutritional risk. This will be assessed at the screening visit using the NRS-2002 screening tool, 25 which is based on the information collected on BMI, 6-month unintentional WL and food intake, as well as on diagnosis and age.
Biochemistry. In addition to standard tests usually performed to monitor CT toxicity, a series of assessments will be considered to monitor potential PN-associated metabolic complications. Accordingly, the following parameters will be evaluated at scheduled visits: glycemia, sodium, potassium, magnesium, calcium, phosphorus, triglycerides, creatinine, urea, liver serum enzymes (aspartate aminotransferase, alanine aminotransferase, gamma glutamyltransferase), total bilirubin, prealbumin, C-reactive protein, total blood count, blood iron, ferritin, vitamin B12, and folates.
Body composition. Whole-body composition will be investigated using the Nutrilab bioimpedance vector assay (BIVA; Akern/RJL). Specifically, resistance and reactance will be measured by calculating phase angle (PhA), standardized PhA (SPA), and hydration index. 31, 32 Muscle mass at lumbar level. The estimation of muscle mass will be performed using computed tomography: muscle area will be quantified on scans at L3, 33 collected at baseline disease staging and subsequent reassessments scheduled by the oncologists for the evaluation of the response to CT.
Muscle strength. Muscle strength [handgrip (HG)] will be measured using a digital hand dynamometer (DynEx™, Akern/MD Systems). 32 Quality of life. This will be investigated using the European Organization for Research and Treatment of Cancer core quality of life questionnaire (EORTC QLQ-C30, version 3.0) and the dietician will provide instructions for the correct compilation. 34 Symptoms. Patients will be asked about the presence or onset of symptoms potentially influencing food intake, including anorexia, dysphagia, odynophagia, dysgeusia, nausea, vomiting, and diarrhea.
Adverse complications and events. All adverse complications and events attributable to nutritional interventions (water retention and infectious, cardiac, renal, respiratory, and metabolic complications), including unplanned hospitalizations and their duration, will be recorded.
Immunologic profile. To address this exploratory endpoint in a subgroup of patients [N = 30 (15 consecutive patients in each randomization group)], we will integrate measurements obtained using multiple tools, with the aim of analyzing different cell subsets, their functionality, and soluble molecules in the peripheral blood. The analysis will be conducted by the Neuroimmunology Unit of the Santa Lucia Foundation IRCCS (Rome, Italy). Accordingly, blood samples (5 vials with a total volume of 40 ml) will be collected and derived serum and plasma will be analyzed using the A summary of assessments and related endpoints that will be investigated during the study, is provided in Table 1 .
Treatment
Patients will be randomized to the following intervention groups:
-NC in combination with systematic early supplemental HPN since diagnosis (SPN group). -NC alone (NC group).
NC consists of a personalized dietary prescription (including sample meal plans and recipe suggestions) tailored on personal eating patterns and food preferences, in order to achieve estimated protein-calorie requirements and taking into account chewing and swallowing abilities. 28 Regular consultation with a registered dietitian will take place every 10 days by means of face-toface interviews (at scheduled follow-up visits) and telephone interviews (planned between CT cycles and as required by the patient). In the presence of a significant reduction in food intake, the use of oral nutritional supplements will be also considered.
Supplemental HPN will be prescribed, provided daily, and adjusted throughout the study (approximately every 10 days, until the end of the scheduled first-line CT) depending on the biochemical parameters, the estimated protein-calorie oral intakes (in order to satisfy estimated requirements) and any potential related complications. Specifically, calorie and protein targets should not exceed 40 kcal/kg and 2 g/kg of body weight (real or ideal according to BMI), respectively. 32 HPN will be infused mainly during night hours using multichamber bags containing olive oilbased lipid emulsions when not contraindicated (triglycerides levels >300 mg/dl). Supplemental HPN will be continued at least up to the end of first-line CT. Afterwards, it will be progressively reduced in cases showing complete recovery of usual body weight and a protein-calorie food intake ⩾75% of the estimated requirements.
Where body WL exceeds 10% of the weight recorded at enrollment, patients allocated to the NC group will exit the study. They will be treated according to current supportive guidelines, including HPN and followed-up for vital status.
Endpoints
The primary outcome will be a composite of 1-year overall survival (OS) or the absence of unintentional WL ⩾10% of weight recorded at enrollment. Specifically, vital status will be ascertained by means of active follow-up (in-office visits, inquiries by telephone or mail to participants or proxy respondents and linkage to municipal registries), while WL will be regularly documented at scheduled visits.
The following secondary endpoints will be also evaluated: 1-year OS; first-line treatment-related moderate-severe adverse events (grade three or greater) according to Common Terminology Criteria for Adverse Events (v4.0); 37 progressionfree survival (PFS) at 12 months; rate of patients with progressive disease receiving second-line CT; total dose (%) of first-line CT administered compared with the treatment plan; objective response rate to first-line CT using RECIST criteria; 24 change in body weight at 12 months; change in handgrip strength at 12 months; change in L3 muscle mass at 4 months and, if feasible, at 12 months evaluated with computed tomography; change in PhA and SPA at 4 months and 12 months evaluated by BIVA; rate of unplanned hospitalizations at 12 months; change in EORTC QLQ-C30 score at 4 months and 12 months.
The safety of SPN will be evaluated by monitoring the incidence of catheter-related bloodstream infections and the occurrence of abnormalities in biochemical parameters (metabolic complications) and all related side effects.
Finally, the levels of soluble effectors and immunoregulatory cells at 1 week and 1 month from the start of CT will be assessed as an exploratory endpoint.
Benefit for participants
All participants will be provided with early nutritional assessment and support. The participants nutritional status will be regularly monitored and their nutritional support will be optimized according to treatment tolerance and possible side-effects. 
Visit 8 Month 12
Informed This study may lead to significant improvements in nutritional care, which will prevent or ameliorate the effect of CT in gastric cancer patients.
Potential risks and burdens for research participants
The participants will have a permanent venous access already available. SPN will be tailored according to oral intake and regularly monitored. Nevertheless, SPN may cause discomfort or expose the patients to an increased risk of PN-associated complications that may also depend on the efficacy of the training provided to patients and caregivers with regards to HPN management. Available data, however, shows that HPN can be safely provided by caregivers and cancer patients. 38, 39 Dissemination Results of the study will be presented at local, national, and international medical meetings. The findings of the study will be published in peer-reviewed medical/scientific journals and made open access on acceptance. If appropriate, the results of the study will be disseminated by press releases by the Fondazione IRCCS Policlinico San Matteo. Information may also be disseminated to the general public via public engagement and community outreach programs.
Statistics
In the absence of previous studies with a similar design, the calculation of the sample size is based only on the survival component of the primary endpoint. It was performed with the Stata 15.1 software (StataCorp, College Station, TX, USA). According to preliminary data available in the literature, 12-month survival is expected to be around 45% in this type of patient. It is assumed that, based on data on mortality due to malnutrition in advanced cancer patients, NC alone can increase the 12-month survival rate to 50%. Considering a study power of 80%, an alpha error at two tails of 5%, an expected survival in the experimental arm (NC + SPN) of 70%, it will be necessary to enroll about 192 patients (96 per arm) to observe 77 deaths. When this number of events is reached, the study will be discontinued. Estimation of the sample size makes use of the two-sample comparison of survivor functions using the log-rank test (Freedman method).
The analysis will be performed with the Stata 15.1 software (StataCorp, College Station, TX, USA) or subsequent versions. All tests will be 2-sided. A p value <0.05 will be considered statistically significant. For post-hoc comparisons and subgroup analyses the Bonferroni correction will be used.
Analysis sets.
Patients who have signed informed consent and have carried out at least one planned check will be considered for analysis. The main analysis will be carried out according to the intention to treat principle: the patients of the analysis set will be analyzed (mITT) according to the treatment to which they were randomized, regardless of the treatment actually undergone. A per protocol analysis will also be performed, considering the treatment actually administered, in the absence of major deviations (including, but not restricted to, cross-over to the other arm, early drop out before second assessment, inappropriate SPN prescription and/or management, etc.) from the protocol. These will be identified before the database lock.
Primary endpoint analysis. OS will be compared using the log-rank test. The relative risk and its 95% confidence interval (CI) will be derived from a Cox model. A multivariable secondary analysis of the primary endpoint will also be performed while adjusting for age, gender, BMI, PhA, and hydration index, as confounding factors at recruitment.
In addition, the statistical analysis plan will detail some prespecified subgroup analyses, according to the site of the neoplasm, the stage of neoplasm, HER2 expression, the presence of a gastrectomy and the total number of CT cycles received during the observation period.
Secondary endpoints will be analyzed as follows.
-PFS will be compared among groups, as described for OS. -The percentage of patients requiring second-line CT will be compared with a logistical model, with odds ratio (OR) and 95% CI calculations. -The percentage of CT dose administered compared with the planned 4-month dosage will be compared using Student t tests for independent samples (or its nonparametric analog). patients who have left the study (drop-out) before 4 months will not be included in the mITT analysis population. Therefore, a sensitivity analysis will be performed with multiple imputations of missing data for the primary endpoint. Patients leaving the study after 4 months will be censored on the date of leaving for primary endpoint analysis. Every effort will be made to recover the mortality rate. -Patients who voluntarily discontinue the study or are lost at follow-up will be considered drop-outs.
Study organization
The Fondazione IRCCS Policlinico San Matteo, Pavia, Italy, is responsible for the project management of the trial. The study was planned by the Clinical Nutrition and Dietetics Unit, the Medical Oncology Unit, the Biometry and Clinical Epidemiology Service of the Fondazione IRCCS Policlinico San Matteo, and the board of oncologists from other institutions listed as coauthors. Periodic board meetings will be scheduled (approximately every 6 months) in order to harmonize study procedures and to monitor and share the study progression. Further institutes will be invited. Researchers and physicians who may be interested in participating in the trial should contact the corresponding author for detailed information.
Participating institutes
The study protocol will be submitted to each participating institute's Ethics Committee for approval. Any possible important protocol modifications will be communicated and submitted to the same committees.
Discussion
Malnutrition in oncology still represents an overlooked problem that negatively affects clinical outcomes. 6, 40, 41 This is particularly marked in gastrointestinal cancer patients. 5, 9, 13, [42] [43] [44] [45] The evidence supporting the efficacy of nutritional support in patients affected by gastric cancer is promising, but still scant and mainly focused on the perioperative/postoperative period. [46] [47] [48] [49] [50] Although the importance of PN support in gastrointestinal cancer patients has been acknowledged, 51 there are still no studies evaluating the efficacy of SPN in metastatic patients receiving first-line CT. Evidence suggests a beneficial effect of early and tightly controlled nutritional support in the presence of malnutrition. 52, 53 The present study ensures the early provision of nutritional assessment and support to all the enrolled patients, in accordance with recent guidelines and recommendations, 3, 4, 15 and would help clarify the most appropriate and beneficial nutritional care strategy for metastatic gastric cancer patients.
Toxicity frequently requires the prolongation or reduction of planned systemic treatments, resulting in reduced response rates and poor prognosis. 5, 8, 9 Therefore, nutritional support from diagnosis, aimed at satisfying estimated energy requirements in patients at nutritional risk, may enable not only the maintenance/ improvement of nutritional status and QoL, but may also have a positive and decisive effect on adherence to anticancer treatment and the related curative intent.
With the present trial, we aim to verify the hypothesis that early SPN from diagnosis in metastatic gastric patients at nutritional risk undergoing first-line CT and receiving NC as standard of care not only improves nutritional status, body composition, functional status, and QOL, but also increases tolerance to CT by maintaining weight, thereby improving OS.
NC itself has been proven effective in improving protein-calorie intake and QoL in malnourished cancer patients, 54 and was recommended for all gastrointestinal cancer patients undergoing anticancer treatment more than 10 years ago. 55 However, data on its efficacy on OS and other primary clinical endpoints in gastric cancer patients are lacking.
Positive results from this trial would stimulate further large randomized trials, also in other cancer types, potentially resulting in the improvement of supportive care quality for the studied patient populations, and in the expansion of the number of patients who may benefit from HPN. In this context, the management of HPN will always require the fulfillment of adequate quality standards and the attentive consideration of any possible ethical issue regarding prescriptions' suitability and treatment interruption.
Finally, the immune response is emerging as a key factor affecting the efficacy of several anticancer treatments. 56 Olive oil-enriched lipid emulsions were shown to have promising and intriguing effects on immune function. 57 To date, the impact of PN, particularly of olive oil-based lipid emulsions, on the immunological profile of cancer patients undergoing CT has not been investigated. Therefore, we will also evaluate the immunological profile and how it changes during nutritional support in gastric cancer patients receiving first-line CT.
This approach may help to clarify the interactions between the immune system and olive oilenriched PN. This new area of research could lead to the discovery of new molecular mechanisms regulating the immune system during CT and potentially to the development of new therapeutic strategies aimed at enhancing the efficacy of anticancer treatments.
A possible practical critical aspect of the study could be the standardization of nutritional support interventions. To achieve this, however, participating centers would need physicians and dietitians skilled in clinical nutrition and who are following standardized protocols.
